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Phospholipase C-catalyzed hydrolysis of inositol phospho-
lipid, which occurs at the start of the phosphoinositide cycle (P1
cycle), leads to transmembrane signalling, a common mecha-
nism working in response to calcium mobilizing stimuli [1, 2].
Measurement of inositol phosphates provides direct evidence
for phospholipase C-catalyzed reaction. However, studies have
shown that inositol phosphate metabolism is very complicated;
inositol 1,4,5-trisphosphate (Ins(l,4,5)P1), which is initially
formed from phosphatidylinositol 4,5-bisphosphate and release
of Ca2 from endoplasmic reticulum [3, 4], is phosphorylated to
inositol 1,3,4,5-tetrakisphosphate (Ins(l,3,4,5)P4) by a specific
3-kinase, and then dephosphorylated to inositol I ,3,4-trisphos-
phate (Ins(l,3,4)P3) by a specific 5-phosphatase [5—131. More
polar inositol phosphates, that is, inositol pentakisphosphate
(1P5) and inositol hexakisphosphate (IP), also exist in animal
cells [6, 11, 12, 14]. Although Ins(l,3,4,5)P4 has been reported
to induce Ca2 influx [15], the biological significance of
Ins(1,3,4)P3, 1P5 or 1P6 has not yet been clarified. Unfortu-
nately, the very simple anion exchange chromatographic tech-
nique [161 that has been widely used cannot separate
Ins(1,3,4)P3 or Ins(l,3,4,5)P4 from Ins(l,4,5)P3; therefore it is
not suitable for analyzing the complex mixture of inositol
phosphates present in stimulated cells.
In this work we studied the angiotensin II (AIfl-induced
accumulation of inositol phosphates in cultured rat mesangial
cells by means of high performance liquid chromatography
(HPLC).
Methods
Cell culture
Cultured mesangial cells were prepared from Sprague-
Dawley rat kidney as previously described [17]. The first
subcultures were seeded on a cover glass. The cells were
offered for all experiments seven days after the seeding.
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Labeling
Twenty-four hours prior to the prelabeling, the medium was
changed to inositol-free MEM containing 10% dialyzed fetal
bovine serum. Then, the cells were prelabeled with [1,2-
3H]myo-inositol (25 pCi/mi) for 48 hours. After removal of free
[3H]inositol by rinsing three times, the cover glass was de-
tached and washed in warmed Hanks-Hepes buffer (137 mM
NaCl, 5.4 mri KCI, 1.3 mri CaCI2, 0.81 mri MgSO4, 4.2 mM
NaHCO5, 5.6 m glucose, 0.34 mti Na2HPO4, 0.44 mM
KH2PO4, 30 mrt Hepes, pH 7.4).
Analysis of inositol phosphates
After 20 minutes of preincubation, cells were incubated for a
varying time in I ml of Hanks-Hepes buffer with or without A!!.
The buffer was rapidly aspirated and the reaction was termi-
nated by the addition of ice cold TCA (final concentration:
15%). The cells were scraped and sedimented by centrifugation.
The acid extract was washed four times with four volumes of
water-saturated diethyl ether. The sample was dried with a
vacuum concentrator (Savant), dissolved in eluent, and offered
for HPLC. Analysis of inositol phosphates was performed by
isocratic anion-exchange HPLC on TSK gel DEAE-2SW
(Tosoh Co. Ltd., Tokyo, Japan) at a flow rate of 1 mI/mm at
25°C. The eluent was sodium phosphate, pH 6.8, the concen-
tration of which was indicated in each Figure legend. Every 0.3
ml fraction was collected and [3H]-radioactivity was determined
by a liquid scintillation counter. For determining the retention
time in every analysis, we used the unlabeled standards which
were detected by the use of a refractive index monitor (Waters
Co. Ltd.).
Determination of the retention time of Ins(1 ,3,4)P3
The retention time of Ins(l,3,4)P3 was determined by the
method reported previously [8]. In brief, the cultured mesangial
cells were scraped, sedimented by centrifugation and sus-
pended in buffer containing 110 mM KCI, 10 mi NaCI, 1 mM
KH,P04, 3 mri MgCI2 and 20 mM K-Hepes, pH 7.4. The cell
suspension (106/ml) was freezed and thawed 10 times. The
reaction was started by the addition of 10,000 dpm [3H]
Ins(l,3,4,5)P4 at 37°C. After five minutes of incubation, where
{3H]Ins(l,3,4,5)P4 was allowed to be degraded by 5-phospha-
tase contained in mesangial cells, the reaction was stopped by
the addition of ice cold TCA (15%). The subsequent procedure
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Fig. I. HPLC elation profile of inothol
phosphates. The mixture of authentic inositol
phosphates was analyzed by HPLC using 0.2
si sodium phosphate. pH 6.8.
was the same that was described in the previous subsection,
"Analysis of inositol phosphates". On the basis of the data
obtained in the other HPLC analyses with anion exchange [18,
19], the labeled product degraded from [3HJlns(l.3,4,5)P4,
which was eluted just before the authentic Ins(1,4,5)P3 on the
elution profile of HPLC, was considered to represent
[3H]lns(1,3,4)P5 (data not shown).
Chemicals
(I-Asp, 5-lIe) All was purchased from Peptide Institute,
Protein Research Foundation (Osaka, Japan). The authentic
standards for inositol-l-monophosphate (1P1). inositol-l,4-bis-
phosphate (1P2) and lP were from Boehringer Mannheim
(Indianapolis, Indiana, USA) and those for Ins(I,4,5)P1,
Ins(l,3,4,5)P4, and 1P6 were from Amersham Japan (Tokyo,
Japan), Calbiochem (La Jolla. California, USA). and Sigma
Chemical Co. (St. Louis, Missouri, USA), respectively. [1,2-
3H]myo-inositol (45 to 80 Ci/mmol) was obtained from New
England Nuclear (Boston, Massachusetts. USA). All other
chemicals and solvents used were reagent grade.
Results
Figure 1 shows the elution profile of the standard mixture of
lP1, 1P2, Ins(1,4,5)P1. Ins(l,3,4.5)P4, IP and lPf. The amount
of each standard was 25 ng. The individual inositol phosphates
were clearly separated with the retention times of 3.8. 5.8, 7.9.
10.4, 15.4 and 16.5 minutes. respectively. Figure 2 illustrates
the elution profile of inositol phosphates extracted from All-
stimulated mesangial cells. lns(l,3,4)P3, lns(I,4.5)P1 and Ins
(l,3,4,5)P4 increased at 10 seconds. Figure 3 gives the more
circumstantial data on the time course. When the cells were
stimulated by 100 nsi All, Ins(l,4,5)P1 sharply increased to
reach a peak at 10 seconds and rather rapidly returned to the
vicinity of the control level. lns(l,3,4,5)P4 also showed a rapid
increase during the first 10 seconds, though the subsequent
decrease was gradual, and it stayed at a comparatively high
level even at 60 seconds. The curve drawn for Ins(l,3,4)P1
made a sharp contrast with those for the two substances; an
evident increase in Ins( I ,3,4)P1 was recognized at 10 seconds
for the first time and it continued to increase gradually thereaf-
ter. showing an upward trend even at 60 seconds. The increase
of Ins( I ,3.4,5)P4 at 10 seconds was dose-dependent within the
range from 10 m to I LM (Fig. 4). We could detect no
significant increases in IP5 and IP6 (data not shown).
Discussion
Although our understanding of the Ca messenger system has
progressively deepened, several technical difficulties in study-
ing the metabolism of inositol phosphates hinder further prog-
ress of research in this field. One of these difficulties comes
from the very small content of inositol phosphates in cells. In an
attempt to overcome this difficulty, many investigators used
cells prelabeled with [3H]inositol. However, [3H]inositol is very
poorly incorporated into the cells whose growth is not as rapid
as those in some tumor cell lines. This difficulty can be partially
overcome when inositol-free culture medium is used, although
this medium may attenuate the viability of cultured cells. In this
investigation the culture medium was replaced by inositol-free
MEM 24 hours before the labeling, which was followed by 48
hours of incubation in the presence of a large amount of
[3H]inositol. Cultured mesangial cells incubated with the inosi-
tol-free medium for 72 hours proved to show good viability by
trypan blue staining.
Another difficulty lies in analyzing the individual inositol
phosphate with high resolution. The most widely applied
method, to which a Dowex column [16] is instrumental, does
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not suit the purpose because of its poor reproducibility and
inability to identify inositol trisphosphate (1P1) isomers and
more polar inositol phosphates. HPLC is obviously superior to
that method in terms of rigorousness, although the conventional
HPLC methods [18, 19] limit the practicality of processing a
large number of samples for the following reasons: I) they are
time-consuming and 2) they need radiolabeled standards for
determining retention time prior to analysis because the gradi-
ent procedure involved rejects application of a refractive index
monitor, the only detector of unlabeled inositol phosphates.
Because we performed the HPLC analysis under an isocratic
condition, we could use a refractive index monitor. By using it,
Time, seconds
Fig. 3. Time course of 100 flM All-stimulated inositol tris- and tetra-
kisphospliates production. The control level remained unchanged over
one minute. Each point represents a mean SD of triplicate determi-
nations.
we could check the retention time just before every analysis
more rapidly and easily than other methods. Moreover, by
adding the unlabeled standards to the sample, we could closely
monitor the fraction which we needed.
We previously introduced a new HPLC method, which
enables us to separate lP1. lP2 and lP1 clearly within 15 minutes
[17]. In this study we could separate 1P5 isomers and more polar
inositol phosphates rapidly, merely by changing the concentra-
tion of the eluent. Our method with this minor modification
offers the advantage of rapid sample processing and excellent
simplicity.
The All-induced change of lns( I ,4,5)P1 was very fast and
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Fig. 2. HPLC elation profile of inositol phosphates extracted from 100
nM AJI-sti,nu!ated mesangial cells. The eluent was 0. 16 M sodium
phosphate, pH 6.8.
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Fig. 4. Dose dependency ofAll-stimulated inositol tetrakisphosphate
production. Each point represents a mean SE of triplicate determina-(ions. (*p < 0.05 vs. control)
transient. Ins(1,3,4,5)P4 also increased rapidly and stayed
above the control level until 60 seconds. In contrast, the
increase of Ins(l,3,4)P3 was gradual but long standing. The
increase of lns(1,3,4,5)P4 at 10 seconds was dose-dependent.
Neither 1P5 nor 1P6 was increased by AL!. These results suggest
that Ins(I,4,5)P3 produced by All action on P1 cycle is phos-
phorylated to Ins(l ,3,4,5)P4, then dephosphorylated to
Ins(l,3,4)P3 in cultured rat mesangial cells. The physiological
significance of Ins(l,3,4.5)P4 in the All action still remains an
open question, although Irvine and Moor [15] recently reported
that Lns(1,3,4,5)P4 enhanced Ca influx in sea urchin eggs. In this
context, Hassid, Pidikiti and Gamero [20] described that an
All-induced rise in the level of cytosolic Ca2 was biphasic
with an initial transient rise, which was independent on extra-
cellular Ca2, and a sustained rise, which was dependent on
extracellular Ca2 and was inhibited by a Ca channel blocker.
Assuming that Ins(l,3,4,5)P4 increases Ca influx in mesangial
cells as well, it may act as one of the driving forces in
maintaining the All-induced increase in cytosolic Ca2.
In summary, the present study using the refined HPLC
method demonstrated the existence of inositol tris- and tetra-
kisphosphate pathway, which may be coupled with the regula-
tion of cytosolic Ca2 concentration by All in cultured rat
mesangial cells.
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